------------ (11 Patent Number: 4,888,640 (45. Date of Patent: Dec. 19, 1989 select scan lines for refresh which have respectively different spatial positions in adjacent frames to avoid generating visible refresh artifacts. The number of frames in a refresh cycle is adaptively changed to stabi lize the fill of the transmitter rate buffer. In certain cases where the bandwidth available in a transmission channel is limited, it is desirable to con press to as large an extent as possible video data to be transmitted. Numerous schemes have evolved for in creasing the efficiency of such compression during transmission while not introducing too intrusive reduc tion in image quality. For example, one kind of system known as differential pulse code modulation (DPCM) employs a predictive scheme for predicting pixel values of a video picture. The predicted information is com pared to the actual information based on spatial or tem poral relationships, and an error signal is generated representing the differences between the two informa tion signals.
The error signals are further reduced in information content by more coarsely quantizing them -that is, reducing a set of signal values to a smaller set by assign ing a given bin value to a range of values of the larger set. The coarsely quantized information is then encoded using codewords of variable bit length based on statisti cal parameters. This procedure is known as statistical coding.
Huffman has described procedures for describing At the receiver, the coded error signal is decoded and summed with a predicted signal formed from prior decoded error signals, in what is referred to as the in verse DPCM loop. The receiver reconstitutes the coded signal with an inverse process. The predictor delay circuit in the inverse DPCM loop thus stores a prior received decoded signal to be summed to the current received decoded error signal to create the next prediction.
In digital communication systems, for example a DPCM system, a problem recognized by the present invention is one in which interference such as atmo spheric conditions or other causes, occasionally cause the transmitted information signal to become garbled or lost. If such loss of data occurs in transmission, the predictor delay circuit of the inverse DPCM loop also loses that data. What happens is that this loop adds the current predicted signal to the current error signal to produce a reconstituted signal, or new prediction. If the current error signal is lost, or corrupted, then that signal when summed with the signal in the predictor delay circuit produces an erroneous reconstituted signal which is applied to the predictor delay circuit to boot strap the error on a continuous basis . The data signals   30   35   45   50   55   65 within the inverse DPCM loop at the receiver thus become corrupted. The present inventors recognize a need for dealing with the problem of lost data in a DPCM system by recovering the data at the receiver in real time without significant observable recurrent video artifacts. . This problem is resolved in a DPCM communication system including a transmitter for transmitting a plural ity of frames of a compressed digital encoded informa tion signal over a channel to a receiver. The transmitter includes a DPCM loop which produces an error signal representing the differences between a predicted signal and a current PCM signal having the same spatial posi tion in successive frames. Each frame comprises a plu rality of S lines. The receiver includes an inverse DPCM loop for adding a current predicted signal, formed from a prior decoded error information signal, to a current decoded error information signal to pro duce a reconstituted signal. The signal within the in verse DPCM loop tends to become corrupted upon loss of the current decoded error information signal. The combination therewith comprises refresh means for periodically refreshing selected ones of the lines at the receiver in a given sequence with transmitted PCM data for a plurality of frames over a refresh cycle wherein each scan line of a frame is refreshed.
A feature of the invention comprises means for select ing the lines to be refreshed over a given cycle of L frames such that each data line of a frame is selected once in that given cycle. A further feature of the inven tion comprises means for generating a number which is effectively quasi-random relative to the time of occur rence of the S lines of each frame. The number genera tor means includes means for generating a line select signal based on that quasi-randomness such that for L frames of an L frame cycle every line of a frame has been selected. provides a signal which manifests the beginning of each horizontal line in a video raster scan display system whereas If manifests the time period of the first frame.
Refresh control 36 is clocked by the HDR signal to periodically generate a refresh control signal. The re fresh control signal is initiated by signal fand generated in what is effectively quasi-random order relative to the occurrence of the scan lines in successive video frames starting from the time of signal If While the refresh control signal, in fact, is generated in fixed periods and is not at all random, it is effective as a random signal relative to the externally related scan line ordinal posi tions in a frame as will be explained below. The quasi random order relative to the occurrence of the scan lines is to be differentiated from a pseudo-random order. A pseudo-random order relates to, for example, a pseu do-random number generator which generates what appears to be random numbers based on a complex algorithm and which are independent of external pa rameters. The effectively quasi-random order referred to herein will be explained in more detail below.
Operator 40 includes switches S1 and S2, FIG. 2, represented by mechanical devices which in practice are electronic. When switch S2 is closed by a refresh control signal on conductor 42, the quantizer Q is by passed. That same refresh control signal simultaneously causes switch S1 to switch states to connect conductor 44 connected between adder A and subtractor S to a reference potential, i.e., ground. This effectively results in subtraction of a zero value signal from the finely quantized video signal on conductor 18. This action produces a PCM data signal on conductor 22. The PCM data signal on conductor 22 is added to the reference potential to effectively load PD with the PCM data rather than summation of the error signal on conductor 22 and the prediction on conductor 44. The switches S1 and S2 in response to a PCM refresh control signal on conductor 42 selectively cause certain selected scan lines of data to be loaded into the PD circuit as PCM data. The determination of which lines are selected is made by refresh control 36. The selection of scan lines, as discussed above, appear to be random relative to the The PCM refresh control signal produced by genera tor 46 on conductor 42, as mentioned above, operates switches S1 and S2 periodically to effectively cause transmitter 12 to transmit PCM data rather than DPCM data for selected scan lines. That PCM data, after the initial frame, is refresh data for the receiver and is se lected only for certain scan lines of a frame as will be described in more detail below. However, the scan lines selected for refresh are such that over a period of X frames, all scan lines of a frame are refreshed. The se lected scan lines of the frames constituting the X frames differ from frame to frame so that any scan line is se lected only once in the period comprising X frames. cycle. The same lines will be selected at the transmitter and receiver for the same successive frames of a given refresh cycle. At the end of that frame, a new number of scan lines in the next refresh cycle is set in accordance with the value of B.
FIG. 3 illustrates one embodiment of refresh genera tor 46 (and generator 94)
. Generator 46 includes a re fresh number switch set 48 whose output is a binary number applied through conductors 50a-50 to a di vide by N down counter, 54. Each of the conductors 50-50 carries a signal having a binary value to pro duce a binary number of a given fixed value. The switches in switch set 48 may comprise electronic de vices which, for example, couple conductors 50-50 to either a positive voltage or to ground. The switches may be electronic devices which are controlled by a setable control signal. The switches in set 48 are also responsive to the rate buffer fill status signal Be on input conductor 34. The signal Be may be clocked from a register (not shown) by a vertical sync signal which occurs at the beginning of each frame. This ensures the number in set 48 does not change except at the begin ning of a frame. The switches of set 48 are reset to different states to increase or decrease the value of the binary number represented by the signal values on con ductors 50a-50 as needed to control the rate of fill of buffer 28 (FIG. 1) , based on the value of signal B.The rate buffer fill status signal Be is a signal produced by buffer control 32. The buffer control 32 is described in detail in the aforementioned U.S. Pat. No. 4,706,260 and need not be described in more detail herein. The pur pose of changing the number produced by the switch set 48 in response to the rate buffer fill status signal on conductor 34 is to change the rate at which refresh data is generated to therefore modify the rate data is applied to the buffer 28 FIG. 2. All of this will become clearer following the explanation of the refresh generator 46. In a similar context, the received decoded signal Be is ap plied to the switch set of generator 94 control 36 in the receiver.
Generator 46 includes a divide by N down counter 54. Counter 54 is a parallel load unit which receives simultaneously all of the binary values from conductors 50a-50. Numbers are loaded into the counter 54 upon receipt of an HDR clock pulse whenever the load input is low. A low load input can occur if either the If signal or the counter 54 RCO output is low. The counter 54 output at the RCO conductor 56 switches from a low to a high upon receipt of that HDR pulse immediately after the number from the switch set 48 is loaded into the counter. Each subsequent horizontal drive signal pulse (HDR) decrements the counter by one. After N decrements, the count goes to zero and the RCO output goes low. This low is transferred to the load input via AND gate 58, thus reinitiating the cycle. AND gate 58 serves as an OR gate for low level input signals. The low on conductor 56 also passes to conductor 42 via AND gate 58. A low on conductor 42 is the PCM re fresh control signal that causes switch S1 to connect ground to conductor 44 and closes switch S2 (FIG. 2) . The counter 54 is synchronous and performs the count ing operation upon the receipt of a clock pulse at its clock input. The number produced by the switch set 48 has a binary value N. When the divide by N countdown is finished, i.e., the count goes to zero internally, the counter ripple carryout output (RCO) immediately goes low. In effect, the occurrence of the low output on the RCO output occurs on the Mth (N-1) count. The first clock pulse of the M count produced by the HDR signal merely loads the number N into the counter. Subsequent clock pulses decrement the counter result ing in an HDR clock pulse count of N-1. The pulse used to load the counter has to be included in the count since each HDR clock pulse represents a scan line.
Upon the application of the zero value signal by the RCO output to conductor 56, the counter is reset so that the counter will reload the binary number from the switch set 48 upon the next received HDR clock signal. A second input to gate 58 is the first frame initialization In the alternative, a pseudo-random number genera tor could be used to generate a refresh control signal in which a number is generated which is pseudorandom independently of the occurrence of the scan lines in a frame. Such randomness is relative to the generator as well as to the scan lines but has the drawback of requir ing correlation between the transmitter and receiver. It is a relatively complex problem to synchronize a re ceiver with a transmitter using a pseudo-random gener ator at each site because of the complex algorithms in the generators used to generate the random numbers. Such number generation must be identical at the re ceiver and transmitter to properly function. In the pres ent system, it is a simple matter for constructing a re fresh generator 46 which is easily synchronized at the receiver and transmitter. All that needs to be done is set the value of N to the same number in the refresh genera , FIG. 3 , latches signal Be into set 48 only in response to a vertical sync signal. This is done also in the receiver generator 94 similarly.
As mentioned above, in FIG. 3 , a rate buffer fill status signal Beis applied on conductor 34 to the switch set 48. Assuming, for example, that the rate buffer is overfill ing, the rate buffer fill status signal on conductor 34
indicates this overfill condition. PCM data in a refresh signal produces data at a much higher rate than quan tized data which tends to compress the video informa tion signal. It is desirable to expand in duration the cycle of the refresh scan lines as much as possible to avoid overfilling the rate buffer at an increased rate due to the PCM generated data. The overfill signal Be on conduc tor 34 causes the switch set 48 to increase the value of the selected number N. For example, the number N normally may be set at 15 but if the rate buffer fill status is indicating overfill, the number may be set at 127 or 255 or even larger numbers. The larger the number, the fewer the number of refreshed scan lines in each frame and the larger the number of frames in a refresh cycle.
The number of frames in a refresh cycle, that is, where every line of a frame is eventually refreshed, can be large, for example, 1K or more frames. This implies M is 1K for this situation.
Assume that the rate buffer is underfilling, then it is desirable to add more data. In this case, the signal Be on conductor 34 sets the switch set 48 to a smaller number.
This decreases the number of frames in a given refresh cycle so that more lines are refreshed in each frame of the cycle. By placing a refresh generator in both the receiver and the transmitter, additional transmission overhead is reduced.
What is claimed is: f 1. In a DPCM communication system including a transmitter for transmitting a plurality of frames of a compressed digital encoded information signal over a channel to a receiver, the transmitter including a DPCM loop which produces an error signal represent ing the differences between a predicted signal and a current PCM signal having the same spatial position in successive frames, each frame comprising a plurality of S lines, said receiver including an inverse DPCM loop for adding a current predicted signal, formed from a prior decoded error information signal, to a current decoded error information signal to produce a reconsti tuted signal, the signal in the inverse DPCM loop tend ing to become corrupted upon loss of said current de coded error information signal, the combination there with comprising:
refresh means for periodically refreshing selected ones of said lines at the receiver in a given sequence with transmitted PCM data for a plurality of frames over a refresh cycle wherein in each cycle each scan line of a frame is refreshed, 2. The system of claim 1 wherein said system includes refresh means at the receiver and transmitter for re freshing the same selected lines in said inverse DPCM loop and DPCM loop and synchronizing means for synchronizing the selection of said lines at said receiver to the selection of lines at the transmitter.
3. The system of claim 2 wherein said means for syn chronizing includes initialization means for initializing 4,888,640 -11 the refresh means at the receiver and the refresh means at the transmitter to the same initial selected frame.
4. In a DPCM communication system including a transmitter for transmitting a plurality of frames of a compressed digital encoded information signal over a channel to a receiver, the transmitter including a DPCM loop for producing an error signal representing the differences between a predicted signal and a current PCM signal having the same spatial position in succes sive frames, said receiver including an inverse DPCM loop for adding a current predicted signal formed from a prior decoded error information signal to a current decoded error information signal to produce a reconsti tuted signal, the signal within the inverse DPCM loop tending to become corrupted upon loss of said current decoded error information signal, a system for refresh ing said inverse DPCM loop with unencoded data com prising:
first and second means respectively at the receiver and at the transmitter for periodically selecting different portions of said plurality of frames to be refreshed with said unencoded data, the same por tion being selected at the transmitter and receiver for a given PCM data; operator means responsive to said means for periodi cally selecting for loading said DPCM and inverse DPCM loops with said unencoded PCM data to thereby erase from said inverse loop erroneous decoded data which might otherwise be present; and means for synchronizing said first and second means. 5. The system of claim 4 wherein each said frame comprises a plurality of S scan lines of equal duration, said first and second means for selecting each including means for selecting scan lines of different spatial posi tion in adjacent successive frames.
6. The system of claim 4 wherein said means for peri odically selecting includes means for counting succes sive scan lines of each said frame and for generating a line select signal every Mth line where M does not have factors in common with S, said operator means includ ing means responsive to said line select signal for re freshing that line represented by said line select signal.
7. The system of claim 4 wherein said means for syn chronizing includes means for transmitting a frame ini tialization signal manifesting the first frame to be trans mitted, said first and second means for periodically selecting at the transmitter and receiver each including means responsive to said initialization signal applied thereto for commencing said periodical selecting.
8. In a system for generating an information signal representating a plurality of contiguous frames of data, each frame containing Slines of data, each said lines of data occurring in certain time periods, means for select ing one line at a time over a given cycle of L frames 9. The line select means of claim 8 wherein said num ber generator includes switch means for generating a binary signal having a value N and binary number count means responsive to said binary signal and to said timing signal for counting the value of N in a count means cycle to generate said line select signal at the end of a count cycle and for automatically recounting the value of N of said binary signal at the end of each count cycle.
10. The line selecting means of claim 8 wherein said generator means includes means for generating a count signal having a value N and a divide by N counter responsive to said count signal for counting the value N of said count signal and for generating said line select signal upon completion of the divide by N count cycle.
11. The line selecting means of claim 10 wherein said counter has a load input for setting the count to the number N, and feedback means for applying said select signal to said load input for automatically resetting the count to the number N after each divide by N count cycle. 12. In a DPCM communication system including means for transmitting an encoded information signal to a receiver, said signal representing a raster display com prising a plurality of successively occurring frames, each frame of a like plurality of S scan lines, said trans mitting tending to cause errors in said signal which errors adversely affect the received signal, a refresh system for periodically transmitting an unencoded in formation signal portion tending to overcome said ad verse affect, said information signal portion correspond ing to at least one scan line of a frame raster; said refresh system comprising:
refresh operating means for causing said means for transmitting to generate said unencoded informa tion signal portion in response to a refresh control signal applied thereto, and control means for periodically generating said refresh control signal for causing said refresh operating means to periodically refresh selected scan lines. 13. The refresh system of claim 12 wherein said con trol means includes means for selecting every Mth scan line of said successively occurring frames where M is an integer having a fixed value that has no factors in com mon with S whereby for L frames of a refresh cycle every scan line is refreshed.
14. The refresh system of claim 12 wherein said DPCM system includes means for generating an error signal representing the difference between a current received information signal and a predicted information signal, said operating means including means responsive to said control signal for nullifying said predicted signal so that said current signal is unchanged, said control means including means for generating said refresh con trol signal in time periods corresponding to every suc cessive Mth scan line.
15. The refresh system of claim 12 wherein said con trol means includes generating means for generating a number having a value corresponding to M and count means responsive to said generated number for count ing the value of said generated number, said count means generating said control signal upon the occur rence of the Mth count, said count means including means responsive to said control signal applied thereto for cyclically resetting the count thereof.
16. The refresh system of claim 15 wherein said num ber generating means includes switch means for gener 4,888,640 13 ating a number signal having a value N, said count means comprising means responsive to said number signal applied thereto for dividing the value of said number signal by N where the value of M of said con trol signal is N--1.
17. In a DPCM communication system including means for generating an error signal representing the difference between an information signal and a pre dicted information signal and for transmitting an en coded error information signal to a receiver, said signal representing a raster display comprising a plurality of successively occurring frames, each frame of a like plurality of S scan lines, said transmitting tending to cause errors in said signal which errors adversely affect the received signal, a refresh system for periodically transmitting an unencoded information signal portion tending to overcome said adverse affect, said informa tion signal portion corresponding to at least one scan line of a frame raster, said refresh system comprising: switch means responsive to an applied control signal and connected to said DPCM system for selec tively nulling said error signal to cause said system to transmit said unencoded information signal; and means responsive to a horizontal line drive signal representing the beginning of each said scan line for generating said control signal to selectively operate said switch means on selected ones of said scan lines such that the selected lines relative to a given frame of lines is sufficiently spatially differ ent from the selected lines of successive frames to substantially avoid generating artifacts in the re ceived information signal, said selected lines being spaced in time from frame to successive frame a time interval value such that the number of lines corresponding to the time spacing of said selected lines is a predetermined function wherein all lines of a frame are selected over a refresh cycle com prising a plurality of frames. 18. The refresh system of claim 17 wherein said means for generating said control signal includes means for generating a number signal having a value represent ing a fixed number of lines corresponding to a given time interval value and count means for cyclically counting said lines to generate said control signal upon the count of said fixed number value.
19. The refresh system of claim 17 wherein said com munication system includes a transmitter and a receiver, 20. In a DPCM communication system including a transmitter for transmitting a plurality of frames of a compressed digital encoded information signa over a channel to a receiver, the transmitter including a DPCM loop for producing an error signal representing the differences between a prior signal and a current PCM signal, control signal generating means for gener ating a rate buffer fill status signal indicating the fill status of a rate buffer in the transmitter, said receiver including an inverse DPCM loop for adding a prior decoded information signal to a current decoded infor mation signal to produce a reconstituted signal, said inverse DPCM loop tending to become corrupted upon loss of said current decoded information signal, a sys tem for periodically refreshing said inverse DPCM loop with unencoded data comprising: means for periodically selecting different portions of said plurality of frames at the receiver and trans mitter to be refreshed with said unencoded data including means responsive to said fill status signal for selecting the number of said portions selected in a given time period in accordance with said buffer fill status; and means responsive to said means for periodically se lecting for loading said DPCM and inverse DPCM loops with said unencoded PCM data to thereby erase from said inverse loop erroneous decoded data which might otherwise be present. 
